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ABSTRACT 

We have derived a new age estimate for the nearby young star AB Dor and have investigated the 
resulting impUcations for testing theoretical evolutionary models with the data reported by Close and 
coworkers for the low-mass companion AB Dor C. Using color-magnitude diagrams, we find that the 
AB Dor moving group is roughly coeval with the Pleiades (r — 100-125 Myr) and is clearly older 
than IC 2391 (t — 35-50 Myr). In fact, based on a comparison of the kinematics of AB Dor and the 
Pleiades, we suggest that the stars identified by Zuckerman and coworkers as members of a moving 
group with AB Dor arc remnants of the large scale star-formation event that formed the Pleiades. 
Using the age of r = SOljo ^yi' adopted by Close, the luminosity predicted by the models of Chabrier 
and Baraffe for AB Dor C is larger than the value reported by Close, but is still within the quoted 
uncertainties. Meanwhile, the agreement is good when our age estimate for AB Dor C is adopted. 
Thus, we find no evidence in the data presented by Close for AB Dor C to suggest that previous 
studies using the models of Chabrier and Baraffe and bolometric luminosity as the mass indicator 
have significantly underestimated the masses of young low-mass stars and brown dwarfs. 
Subject headings: infrared: stars — stars: formation — stars: low-mass, brown dwarfs — stars: 
prc-main sequence - associations: individual (Pleiades, IC2391) 



1. INTRODUCTION 

Surveys of young open clusters and star-forming re- 
gions have identified hundreds of very faint m embers 
that appear to be brown dwarfs (Basr? l2'000j) . How- 
ever, the mass estimates for these objects are depen- 
dent on the validity of theoretical evolutionary models 
(e.g., 'D'Antona fc Mazzitel lil Il997t iBaraffe et all IT991 
Ehabricr ct al. 2000). Close et all l j2005D fhereafter C05) 
recently tested the accuracy of the masses derived from 
these models with observations of a low-mass companion 
to the young nearby star AB Dor. By combining their 
adaptive optics images of A B Dor C and the astrometry 
of the primary from Guirado et al.l lfT997). they measured 
a mass of M = 0.09 ± 0.005 Mp, C05 found that the 
theoretical evolutionary models of lChabrier et all l)200nf l 
overestimated the near-infrared (IR) fluxes of AB Dor C 
by roughly one magnitude. They concluded that the use 
of these models to interpret photometry of young low- 
mass objects leads to masses that are underestimated by 
a factor of two and that many of the objects previously 
identified as brown dwarfs in star-forming regions and 
open clusters are instead low-mass stars. The age for 
AB Dor is important in this context because the com- 
parison of the observed luminosity of AB Dor C to theo- 
retical models requires an assumed age. For instance, if 
AB Dor had an age of 100 Myr instead of 50 Myr as as- 
sumed by C05, much of the discrepancy between model 
and observations would disappear. Therefore, in this pa- 
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per we reexamine the age of AB Dor. 

2. ANALYSIS 

In adopting an age for the AB Dor system, C05 con- 
sidered the apparent displacement of AB Dor above the 
main sequence, AB Dor's rapid rotation and high lithium 
abundanc e, and, in particular, its membership in a mov- 
ing group ijZuckerman et aL l2QQ4D . The age for th is mov- 
ing group was derived bv lZuckerman et alJ l)2004f l from a 
comparison of its Ha emission strengths to those of the 
Tucana group and from a comparison of its three M-type 
members to isochrones for 10 Myr and the zero age main 
sequence (ZAMS) in a diagram of My vs. V — Kg, which 
indicated that the AB Dor group is older than Tucana 
(r > 30 Myr) and you nger than the ZAMS for M stars. 
I3ased on this analvsis. lZuckerman et all 1)20041) reported 
an age of 50 Myr for the AB Dor group. C05 subse- 
quently adopted this age and assigned an uncertainty of 
-20 Myr. 

In the following analysis, we reexamine the isochronal 
age of the AB Dor moving group by including the M-type 
companion AB Dor B (Rossiter 137B), which was not 
considered by IZuckcrm an et a D l|200l and C05, and by 
comparing the AB Dor group to the Pleiades and IC 2391 
open clusters. We then use modern astrometric data to 
investigate the previously proposed notion that AB Dor 
shares a commo n orig in with the Pleiades Supercluster 
(e.g.. llnnis et al.lll986j) . 

2.1. The Isochronal Age of the AB Dor Moving Group 

The evidence for a physical association between 
AB Dor A and B is quite compelling. First, the trigono- 
metric parallax of AB Dor from the Very Long Baseline 
Interferometer places it within 25 pc of the Sun, and the 
spectroscopic parallax for AB Dor B suggests it is also 
within about 25 pc of the Sun if it has an age > 50 Myr. 
Based on the number den sity of stars in the solar neigh- 
borhood l)Reid et all2002|) . the probability of finding two 
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stars within 10" of each other and closer to the Sun than 
25 pc that are not physically associated with each other 
is ~ 4 X 10~^. Second, the proper motion of AB Dor 
is fairly large (~ O'.'l per year) but the separation and 
position angle between AB Dor A and B have remained 
sensibly constant for 80 years. The radial velocities of the 
two stars also agree to within th e measurement errors of 
a few km s~^ (jinnis et alJll986|) . Third, both stars are 
demonstrably very young based on their sp ectroscopic, 
radio, and X-ray characteristics l|Limlll99^ . Taken to- 
gether, the likelihood that these two stars are unrelated 
is extremely small. Therefore, nominally one should be 
able to obtain a better isochronal age estimate for the 
AB Dor system from AB Dor B than from AB Dor itself, 
because the displacement above the ZAMS is larger at 
lower masses for a given pre-main-sequence age. 

The most direct, least model-dependent way to infer 
an isochronal age for the members of the AB Dor mov- 
ing group is via a comparison to empirical isochrones 
defined by well-observed open clusters. For this com- 
parison, we select the Pleiades and IC 2391, which 
have ages of 125 and 50 Myr, respectivel y, according to 
analys i s of their Li depletion boun daries llSt gjiffer et al.l 
Il998al iBarrado v Navascues et all IT999. 200^. Some- 
what younger ages of 100 and 35 Myr have been derived 
fro m their upper main sequence turnoffs (^evnct et al. 
11993: Mcrmilliod 1981) . We compiled a list of members 
of the Pleiades from iStauffer fc HartmannI (|1987j and 
iStauffer et all lll998bfl and a list of membe rs of IC 2391 
from 'Stauffcr et al.' ('1989'), 'Stauffer et all lfT997l) . and 
iBar rado v Navascues et al. (2004). For these members, 
we adopt the V measurements from those studies and 
data at Ks from 2MASS. The well-documented er- 
ror in the Hipparcos distance to the Pleiades indicates 
that for clusters beyond 100 pc, accurate main-sequence 
distances are preferred oyer Hipparcos measurement s 
ijPinsoTineault et aJ .'Tg?)^. "20^ ISoderblom et ~^ l200l . 
Thus, we adopt distances of 133 and 154 pc and extinc- 
tions ofAv = 0.12 and 0.03 for the Pleiades and IC 239 1, 
respectively fSoderblom et al."2005': "Forbes e t al.ll2001h . 

For the AB Dor moving group, wc consider the mem- 
bers identified by IZuckerman et alJ l|2004|) as well as 
the components of the AB Dor multi ple system. We 
adopt the distances for these stars from iPerrvman et al.l 
()1997|) . except for the two stars that lack Hipparcos 
measurements, which ar e excluded. We use th e John- 
son V data compiled by IPerrvman et al.l l)1997D for all 
stars except AB Dor A and B, for which we take V 
from lCameron fc Foind (|1997j) . Measurements at Ks are 
adopted from 2MASS for all stars. Using the internal 
2MASS database, D. Kirkpatrick kindly checked the ac- 
curacy of the 2MASS data for AB Dor A and B, which are 
separated by 9". He found that the two stars are well- 
resolved in the short "Read 1" exposures and that the 
photometric measurements from two separate observa- 
tions agree within a few percent for both stars. AB Dor B 
itself is a close binary (C05). We have estimated the in- 
dividual V and Kg magnitudes of the components by 
combining the measured flux ratio at Kg (C05), the un- 
resolved photometry, an assumption of coevality, and the 
relation between AV and AA's implied by the empirical 
isochrone in the form of the Pleiades sequence. The un- 
certainties in the distance, combined photometry, and 
flux ratio for AB Dor Ba and Bb produce one sigma er- 



rors of ±0.22 and ±0.1 mag in their individual values of 
V — Ks and Kg, respectively. 

The data for the Pleiades and IC 2391 open clusters 
and the AB Dor moving group are plotted together in 
a diagram of Mk versus V — Kg in Figure ^ Wc find 
that the K and M-type members of the AB Dor group on 
average fall well below the sequence of IC 2391. These 
data clearly demonstrate that the AB Dor moving group 
is older than IC 2391 (r = 35-50 Myr). Meanwhile, the 
sequence for the AB Dor group closely matches that of 
the Pleiades. To quantitatively compare these sequences, 
we have measured the off'set in Mk between the observed 
position of each star and a fit to the lower envelope of 
the Pleiades sequence and have generated a histogram of 
these offsets for each population. We consider only stars 
at V — Kg — 2-5.5 because bluer stars have very small 
displacements above the ZAMS for the ages in question 
and redder stars are not present in the known member- 
ship of the AB Dor group. A visual comparison of these 
histograms in Figure [21 indicates an offset of 0-0.1 mag 
between the AB Dor group and the Pleiades, which sug- 
gests that AB Dor is coeval with the Pleiades or slightly 
younger. An offset of 0.1 mag for the AB Dor group 
would correspond to an age of 90-100 Myr if we use an age 
of 100-125 Myr for the Pleiades and the differential lumi- 
nosities predicted by Baraffc et al. (1998). However, the 
mean offsets of the Pleiades and AB Dor sequences are 
indistinguishable, with < AMk >= 0.34 and 0.35 mag, 
respectively. In addition, AB Dor Ba and Bb are clearly 
not younger than the Pleiades, and these stars should be 
given the greatest weighting in this exercise given that 
they are much more directly and unambiguously associ- 
ated with AB Dor than the moving group members and 
that they are better age indicators on a color-magnitude 
diagram than earlier type stars. The use of photometry 
in other bands and colors, such as V and V — I, pro- 
duces the same position of AB Dor Ba and Bb relative 
to the Pleiades. Note that C05 reported that AB Dor C 
is overluminous relative to the Pleiades; this apparent 
discrepancy is resolved by a forthcoming analysis of the 
spectral classification of AB Dor C (K. L. Luhman et al., 
in preparation). 

As for AB Dor itself, previous studies appear to rule 
out binarity as an explanation for its overluminous na- 
ture relative to the Pleiades, but its extremely rapid rota- 
tion is a plausible cause. Such effects on the H-R diagram 
have been predicted from evolutionary models of solar- 
type stars (|Sills et al .120001) , altho ugh they have not been 
obvio us in observations to date ijStauffer fc HartmannI 
^13) ■ We also note that at least one solar- type member 
of the Pleiades, HZ 102, is like AB Dor A in that its 
overluminous position on the color-magnitude diagram 
appears not to be due to binarity. Thus, strictly from an 
empirical point of view, AB Dor appears to be consistent 
with the Pleiades on a color-magnitude diagram. 

The Li equivalent width and v sin i of AB Dor 
are similar to the values observed for rapidly ro- 
tatin g K dwarfs in the Pleiad es llSoderlplom et all 
1991^ (as we l l as in IC 2391, IStauffer et a l. 1989t 
Randich et al.l 12001(1 . In addition, the Ha emis- 
sion strengths f or the M- t ype members of the 
AB Dor group ( Vilh u et alJ ll99H IZuckerman et alJ 
|2004() are indis tinguishable from mea su rements in 
the Pleiades ijSoderblom et al.l 1 19931 I.Tones et"al] 
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1996t iTerndrup et al. 120001: lOppenheimer et a 
Stauffer fc HartmannlUQSTT . as illustrated in Figure 
Thus, these age diagnostics are consistent with the 
coevality of the AB Dor group and the Pleiades that 
is suggested by the color-magnitude diagram. Based 
on the above considerations, a conservative age range 
for the AB Dor multiple system and moving group is 
75-150 Myr. 

2.2. The Kinematic Origin of the AB Dor Moving 
Group 

To calculate the Galac tic space motion of AB Dor , 
we use the equations from ' Johnson fc Soderbloml l)1987!) . 
the weighted mean radial velocity from studies which 
measured the q uantit y multiple t imes (-1-28.5 ± 0.6, 
Collier Cameronlll98l IVilhu et al.llT987t iBalonal ITosl 
Tnnis et abl llflM IDonati et abl II 997t INordstrom et al.l 
2004(1 . the long-baseline proper motion from the Tycho- 
2 catalog (Hpg et al. 2000), and the weighted mean 
of the Hipparcos and Tycho-1 trigonometric parallaxes 
ijPerrvman et alJll997j) . We derive a heliocentric Galac- 
tic space motion vector for AB Dor of {U, V, W) = (-7.7, 
-26.0, -13.6) ± (0.4, 0.4, 0.3) km s'^. For comparison, 
we calculated a velocity vec tor for the Pleiades usin g the 
new distance estimate from lSoderblom et al.l l|2005j) and 
the proper motion, radial velocity , and mean cluster po- 
sition from Robich on et al.l l(1999D . arriving at {U, V, W) 
= (-6.6, -27.6, -14.5) ±(0.4, 0.3, 0.3) km s-\ An im- 
mediate result of this analysis is that AB Dor is only 
~2 km s~^ from the Pleiades in velocity space. But 
how close is AB Dor to the Pleiades space motion com- 
pared to stars in the field? For a field sample, we use the 
13,222 stars with calculated UVW velocity vectors from 
the magnitude- l imited sample of F/G-type stars from 
INordstrom et all l|2004l) . AB Dor is the fourth closest 
star to the Pleiades in t erms of velocity using the vector 
from INordstrom et al.l l|2004|) (it is present in the sam- 
ple despite its K spectral type), while it is the eighth 
closest star according to our re vised vector. Many o f 
the AB Dor group st ars fro m Zuckcrman ct alJ l|2004f) 
are in the sample from INordstrom et al. ( 20041) . and are 
among the ~ 40 closest stars to the Pleiades mean mo- 
tion. These stars include HD 45270, HD 19183, PW And, 
and UY Pic. Out of the 40 stars closest to the Pleiades 
vector from the Nordstrom catalog, 13 are listed as mem- 
bers of the AB Dor moving group by iZiickerman et aP 
((1)04). Hence, AB Dor and its moving group mem- 
bers are in rather exclusive company among the ~0.3% 
of stars in the Nordstrom catalog that are nearest the 
Pleiades velocity vector. 

Kinematic an alysis of the Hipparcos catalog 
(|Perrvman et alJ ^97) has shown that many young 
BAF-type stars have moti ons clustered near that of 
the Pleiades clust er (e.g. IChercul ct al] 119981 Il999t 
lAsiain et alJ Il999r ). which has been referred to as 
the Local Associa ti on or the Pleiad es Supercluster 
(|Eggenlll970l Il975j) . Ilnnis et alJ (|1986|) suggested that 
AB Dor might belo ng to the Plei ades Supercluster, 
while more recently iZuckerman et a l. (2004) has pro- 
posed the exis tence of a moving group with AB Dor. 
IZuckerman et al. (2004) reasoned that the more negative 



V ( 27 km s"^) and W ( 14 km 8"^) velocity 

component of the AB Dor group makes it distinctive 
from other recently discovered young stellar groups 
within 100 pc of the Sun, but AB Dor's velocity is 
directly coincident with the Pleiades, as we have shown. 
Very young open clusters are often f ound to b e sur- 
rounded by unbound OB associations (|Garmanvi ri9941 . 
a situation observed today with the a Persei cluster 
((de Zeeuw et all I1999D. We suggest that the systems 
identified bv IZuckerman et alJ (|2004') as members of a 
moving group with AB Dor are probably the remnants 
of unbound OB and T associations associated with the 
star-formation event that formed the bound Pleiades 
open cluster. 

3. DISCUSSION 

We now use our new estimate of the age of 
AB Dor in test ing the theoretical evolutionary models of 
iChabrier et al.l (,2000) . C05 tested these models by com- 
paring the observed and predicted values of Mj, Mh, 
Mk, and Tcs for AB Dor C. However, the predicted 
near-IR magnitudes are subject to known deficiencies 
in the opacities used in the synthetic spectra. Indeed, 
discrepancies between observed and synthetic colors and 
magnitudes at near-I R wavelengths have been noted in 
previ ous studies (e.g. . IChabrier et al.l2000HLeggett et alJ 
12001(1 . Instead, the most fundamental and robust pa- 
rameter predicted by any set of models is the bolometric 
luminosity. In addition, the masses of young low-mass 
objects are typically inferred from the predicted lumi- 
nosities rather than near-IR magnitudes. Therefore, we 
consider this parameter in the following discussion. 

To test the predicted luminosity for AB Dor C, we use 
the diagrams of luminosity versus age in Figure ^ We 
show the luminosity of 0.0018 ± 0.0005 Lq derived by 
C05 with the estimates of age for AB Dor C from C05 
and from this work. Although C05 reported a signifi- 
cant difference between the observed and predicted near- 
IR fluxes for AB Dor C (primarily J and H), Figure 0] 
demonstrates that the predicted bolometric luminosity is 
actually consistent with their measured value within the 
uncertainties. Meanwhile, using our estimate of the age 
of AB Dor C, the data and model predictions agree rea- 
sonably well. The claim by C05 that the masses of young 
low mass stars and brown dwarf s are significan t ly un- 
derestimated using the models of IChabrier et al] ((200(11 
hinged on the assumed age for AB Dor C (as well as its 
other stellar properties). Because our best estimate for 
the age of the AB Dor system is twice as old as they as- 
sumed, we find no significant discrepancy with the model 
predictions when using bolometric luminosity as the mass 
indicator. 
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Fig. 1. — Mjf versus V — for the nearby star AB Dor (star), its companions Ba and Bb (circles with error bars), and the members of 
the AB Dor moving grou p (circles : Zuckcrman ct al. 2004). The sequence formed by these stars coincides with the sequence for the Pleiades 
(left, T = 1 00-125 Myr, 'ivlevnet et al. 1993; Stauffer et al. ,1998al and falls well below the sequence for IC 2391 (right, r = 35-50 Myr, 
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presence of binaries, with observational error being a very minor contributor. 
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Fig. 2. — Histograms of Mx offsets in Figure between the lower envelope of the Pleiades sequence and the observed positions of stars 
in the Pleiades (solid), the AB Dor moving group (thick dotted), and IC 2391 (thin dotted). The mean offsets are < AM^ >= 0.34, 0.35, 
and 0.83 mag, respectively. 
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Fig. 3. — Equivalent widths of Ha versus V — Ks for AB Dor B (upper circle), the three additional M-type members of the AB Dor 
moving group (lower circles), and members of the Pleiades (points). Positive equivalent widths represent emission. 
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Fig. 4. — Comparison of the luminosity of AB Dor C reported by COS to the values predicted by the evolutionary models of lChabrier et all 
120001) for masses bracketing its dynamical mass of 0.09 ± 0.005 Mq (COS). Left: Using the age adopted by COS, the models appear to 
overestimate the luminosity of AB Dor C, although the observed and predicted values overlap within the measurement uncertainties 
(rectangles) . Right: The agreement is better with our age estimate. 



